The behavior of N-methylidenemalonates of 3-arylaminoindoles and p-dimetylamino-N-phenylanyline (M = ANa) was studied during their analysis with ESI mass spectrometer operated in negative (NI) ions included elimination of two water molecules that was supported by their MS 2 spectra. A common feature of the NI-and PI-ESI mass spectra was the presence of oligomeric ions, up to tetramers and trimers for the NI-and PI-ESI ones, respectively. The oligomers were formed by interaction of the corresponding ions with neutral molecules. When ions contained extra hydrogen atoms, they were introduced by hydrolysis.
Introduction
3-Aminoindoles along with their derivatives and heterocycles with the embedded 3-aminoindole scaffold were found in a number of natural products and represented a group of pharmacologically promising compounds that show diverse biological activities, such as antimalarial, antimuscarinic, antibacterial, antiviral, antihypoglicemic, antiplasmodium, and PARP-inhibiting activities [1] [2]. Earlier, some of us reported a new reaction for the synthesis of 3-aminoindoles and their aniline analogs tethered to methylidenemalonate fragments. They were prepared from easily available indole-3-carbaldehyde/p-dimetylaminobenzaldehyde aryl nitrones and sodium malonates [3] . Mass spectrometry (MS) seems to be a good tool for their analysis and identification. Since they are sodium salts, a MS method with the desorption type ion source should be employed. Such instruments include, for example, one with the ion sources of field desorption (FD) [4] , secondary ion mass spectrometry (SIMS) [5] , those with desorption chemical ionization (DCI) [6] , laser desorption/ionization (LDI) [7] , fast atom bombardment (FAB) [8] , and some other types [9] [10] . For the analysis of low-and non-volatile organic, bioorganic, and organoelement compound, however, the most applied mass spectrometers are now the matrix assisted laser desorption/ionization (MALDI), and electrospray ionization (ESI) instruments [11] [12] [13] [14] [15] . These ionization methods belong to the group of so-called "mild methods", for which the fragmentation of the precursor ions (molecular radical anions and cations, deprotonated, protonated, and cationated molecules) either does not occur or occurs to a small extent. In those cases when the fragmentation is of interest, the tandem technique (MS 2 ) or generally, MS n is employed. For the analysis of the aforementioned sodium malonates, the ESI method appears to be more appropriate since negative ions are already present in analyte solutions. Moreover, the construction peculiarities of the ESI instruments involve ionization at the atmospheric pressure (with the formation of positive ions in the case of the malonates), while ion filtration and their scanning over the ratio of mass to charge (m/z) occur in high vacuum. As a result, the ion sources have the region of a medium pressure where a background gas (often, N 2 ) is present. The electrodes designed for focusing ions toward the skimmer, for example, tube lens, are built in this zone. An additional potential between 0 and ± 200 V (for cations and anions, respectively) can be applied to the lens to focus and accelerate ions. Collisions of the accelerated ions with the background gas favor desolvation of the ions, thus increasing the sensitivity of the instrument. However, if the module of the potential is sufficiently high, the internal energy of ions may increase to such a level that the fragmentation of the ions occurs. Thus, in some cases, the fragmentation called "in-source collision-in-duced dissociation (in-source CID or source-CID)" may come into being under conditions of ESI [16] . Fragmentation patterns and the structures of fragment ions formed can help chemists to establish the analyte structure. Moreover, they provide valuable information explaining the behavior of the species studied in chemical or biochemical processes.
In the present work, we have studied the behavior of a number of sodium methylidenemalonates of 3-arylaminoindoles or p-dimethylamino-N-phenylaniline, obtained by the above mentioned reaction, under conditions of ESI in the positive and negative ion modes when in-source CID occurred. As it was told before, the results of the investigation could provide important information on the reactivity and the reaction mechanisms of these compounds in drug synthesis processes.
Materials and Methods
The syntheses of species studied were carried out by the method described in reference [3] .
The ESI mass spectra were taken on a Finnigan LCQ Advantage mass spectrometer with ion trap mass analyzer (USA) and equipped with a Surveyor MS pump, and a Schmidlin-Lab nitrogen generator (Germany). Nitrogen served as a sheath gas, while no auxiliary gas was used. C-and other natural heavy-isotope-containing ions from the peak intensities of the deuterium labeled compounds was performed iteratively using the program SCIPE [17] .
The quantum chemical calculations were made in the framework of the density functional theory (DFT) [18] . 
Results and Discussion
The N-methylidenmalonates of tertiary 3-arylaminoindoles and p-dimethylamino-N-phenylaniline the ESI mass spectra of which have been studied are presented in Figure 1 (compounds 1 -5).
All Figure 1 compounds formed both negative and positive ions (NI and PI, respectively) under condition of the NI-ESI and PI-ESI, respectively.
ESI Mass Spectra in the Negative Ion Polarity Mode
The − , respectively). Moreover, the Figure 1 . The species subjected to this study. To solve this problem and for the elucidation of other reactions peculiarities, experiments with compounds 1 and 4 were performed in the presence of heavy water. Four modes were employed; in the first variant, D 2 O was introduced in the ion source as a solvent for the analytes (method A). Protocols C and D involved additional introduction in the ion source of heavy water and water via a syringe pump, respectively. By application of method B, the analytes were introduced in the source in water solutions, while heavy water was admitted through the syringe pump. In the case of compound 1, ion [A] − and its fragment ions save one contained deuterium-labeled components thus indicating hydrogen-deuterium exchange to have occurred ( Table 2 ). Table 2 for compound 4 did not contain deuterium atoms, these experiments strictly supported two points: 1) the hydrogen-deuterium exchange in compound 1 occurred with the hydrogen atom located at the nitrogen atom of the indole ring; 2) the fragmentation of Table 2 . Number of the deuterium atoms (n d ) in the ionic structures and the relative abundances of the corresponding ions (%) in these structures in the NI-ESI mass spectra from the experiments with the use of heavy water a .
Compound 
Trimeric and tetrameric ions appear to be formed by the analogous schemes involving addition the corresponding dimeric or trimeric ions to neutral molecules and hydrolysis processes.
ESI Mass Spectra in the Positive Ion Polarity Mode
Peaks in their spectra (see Table 3 ). This means that the amounts of the neutral AH molecules were also small. Further, as we underlined above, the peak abundances 1 These AH compounds could also be formed directly in solution via hydrolysis of salts M occurred directly in solution before introduction of the samples into the ion source. (Table 3) . It seemed rather unexpected, but was supported by MS 2 spectra in the cases of the first above group of the compounds, these product ions being dominant in the spectra (see, e.g., Figure 3(b) ). to exclude such fragmentation from the consideration. When 1 was introduced in D 2 O solution, the treatment of the mass spectrum as mentioned in section 2 showed ions of analyte 1 formed owing to addition of a proton or deuteron to contain between zero and two deuterium atoms [359 Da (12%), 360 Da (43%) and 361 Da (45%)]. This means that the deuterium atoms were introduced into the analyte molecule by both H,D-exchange and the addition of a deuteron. At the same time, the corresponding ions of compound 4 obtained and registered under the same conditions contained maximum 1 deuterium atom [387 Da (25%) and 388 Da (75%)]. Contrary to 1, this compound has no hydrogen atom at the nitrogen one of the indole ring. Thus, all of this is consisted with the conclusion drawn before when negative ions were examined that the H,D-exchange in compound 1 and its ions involved just this hydrogen atom. It is essential to note, that protonation (or deuteron addition) could hardly proceed in the solutions of analytes before introduction in the ion source, since the analytes are salts of weak acids and a strong base and thus provide basic mediums. Hence, the addition of proton or deuteron most likely occurred immediately in the ion source. (Figure 4) . However, the ion with structure 1 turned out to be the most stable and even more stable than that with a cumulene fragment (such cumulene motif was reported, e.g., as propadienone [22] ). The formation of this ion seems to be kinetically rather than thermodynamically controlled. However, during the period when this ion was present in the ion source, isomerization could occur for it to acquire the most stable structure 1. Moreover, according to the extended Hammond-Leffler postulate, [23] the more the reaction is endothermic the more the transition state for generating the [A − CO 2 − MeOH] − ion should be shifted to the reaction products H] + were always higher than those of the [M + Na] + ions (see Table 3 ). As above, in the framework of the extended Hammond-Leffler postulate, this is consistent with the calculated values of proton affinity (PA) and the affinity to cation Na + for compound 1, the former being 3.5 times greater than the later.
Quantum-Chemical Calculations
[ ] were detected under NI-ESI and PI-ESI conditions, respectively. These ions underwent fragmentation processes that occurred probably as in-source CID.
Conclusions
In the case of NI-ESI, the main fragmentation paths proved to be the loss of 
